Abundance-occupancy (A-O) patterns were explored temporally and spatially for the Georges Bank finfish and shellfish community to evaluate long-term trends in the assemblage structure and to identify anthropogenic and environmental drivers impacting the ecosystem. Analyses were conducted for 32 species representing the assemblage from 1963 to 2006 using data from the National Marine Fisheries Service's annual autumn bottom trawl survey. For individual species, occupancy was considered the proportion of stations with at least one individual present, and abundance was estimated as the mean annual number of fish captured per station. Intraspecific relationships were estimated to provide information on utilization of space by a species. Multispecies interspecific relationships over all species for each year were fitted to estimate assemblage structural changes over the time series. Results indicated that the slopes and strengths of interspecific A-O relationships significantly declined over the duration of the time series, and this decline was significantly related to groundfish landings. However, the rate of decline was not constant, and a breakpoint analysis of interspecific slopes indicated that 1973 was a period of "state" change. More importantly a jackknifeafter-bootstrap analysis indicated that the early 1970s followed by the 1990s were periods of higher than average probability of significant break points. While it is difficult to determine causation, the results suggest that long-term impacts such as habitat fragmentation may be influencing the species assemblage structure in the Georges Bank ecosystem. Further, we used slopes from the intraspecific A-O relationships to derive a measure of a species' potential risk of hyperstability, where catch rates remain high as the population declines. Combining this measure of the risk of hyperstability with resilience to exploitation provided a means to rank species risk of decline due to both demographics and the interaction of the behaviors of the species and fishing fleets.
Introduction
In recent decades it has become clear that ecosystem structure, process, and function undergo change, often over relatively short periods (Scheffer et al. 2001 , Mangel and Levin 2005 , Frisk et al. 2008 . Regime shifts have been observed in a wide range of habitats including terrestrial, marine and freshwater environments , Ottersen et al. 2001 , McGowan et al. 2005 . Several mechanisms have been hypothesized as the cause for regime shifts including climate, nutrient loading, top-down control, fire suppression and harvest (fishing) (Fuller et al. 1998 , Nystrom et al. 2000 , van Langevelde et al. 2003 , Collie et al. 2004 , Cingolani et al. 2005 , McGowan et al. 2005 , Myers and Worm 2005 . Moving beyond detecting regime shifts to prediction and management of highly altered ecosystems is a considerable challenge (Frisk et al. 2008) ; nevertheless, understanding large-scale ecosystem change is vital for informing management of the necessary steps to maintain desired ecosystem properties for multiple stakeholders.
One approach to understanding community structure is examination of the relationship between how a population utilizes its potential habitat (space) as a function of the abundance of the population. Abundance-Occupancy (A-O) relationships describe how individuals maintain distance between each other in relation to the total number of individuals and can be seen as a reflection of intraspecific competition combined with social and reproductive behaviours. This approach can be applied to individual species or on a community level (Gaston et al. 2000) . A-O relationships are useful in that they provide a metric for assessing the status of individual species, community structure, and resilience in response to natural or anthropogenic influences (Gaston et al. 2000) .
Understanding A-O relationships is important because they reflect the susceptibility of a species to random environmental fluctuations and spatially confined mortality processes such as habitat fragmentation or fishing. A species with an A-O relationship that strongly conserves local density would be highly susceptible to fisheries targeting aggregations (perhaps the last aggregation). This is one of the most compelling explanations for the notable decline of a once massive stock of northern Atlantic cod, Gadus morhua, which presently exists at about 1% of its peak biomass (Hutchings 1996) . Furthermore, A-O relationships can suggest the spatial patterns of recovery under fisheries management strategies developed to promote population recovery. For example, the Icelandic migrating component of spring spawning Norwegian herring, Clupea harengus, was lost for more than 20 years, but subsequently recovered when the remaining coastal Norwegian population grew very dense locally (Anderson and Rose 2001 , Huse et al. 2002 , ICES 2007 . Thus, recovery into areas where stocks are locally extinct may be driven by saturation in the A-O curve from the stock in adjacent areas, suggesting that there could be a means to predict probability of recovery throughout the historical stock area.
A-O relationships have been primarily fitted for single-species and populations over time where there has been enough contrast in the abundance within the time series to have some confidence in the fitted relationship. However, variation from the standard A-O relationship can also be fitted over multiple species within a system at a single point in time or over time. This resulting multispecies relationship may reflect community scale and spatial organizing (Holt et al. 2002) . Interspecific A-O relationships may reflect competition between species as well as community response to external phenomena such as habitat fragmentation and loss (Donovan and Flather 2002, Freckleton et al. 2006) . For example, an analysis of a time series of abundance and occupancy data for birds observed a weakening of the A-O relationship indicating a decoupling of community structure due to habitat fragmentation (Webb et al. 2007 ).
Clearly, changes in interspecific A-O relationships are likely to reflect changes in either or both community structure and habitat.
Within a species range it is reasonable to assume that the highest density areas are regions of prime habitat and will likely be the area occupied at low population abundance (MacCall, A.D. 1990 , Holt et al. 2002 , Holt et al. 1997 , Freckleton et al. 2006 . A-O relationships show that the total amount of habitat, its patchiness and connectivity are related to population size, spatial distribution and rates of exchange between habitats. Clearly, removal (harvest) of species and habitat fragmentation is fundamental to the strength and, potentially, the shape of A-O relationships. The present study examines the A-O relationship for Georges Bank fish and invertebrate species caught in a groundfish survey conducted each autumn since 1963. We examined both the intraspecific relationships for species and interspecific relationships for multispecies over time. Specifically, we analyzed: (1), the strength and shape of the A-O relationships for the duration of the times series; (2), the potential impacts of harvest on the strength and shape of A-O relationships; and (3), A-O relationships as an a priori method of determining the potential impacts of aggregation behaviour that may change catchability with changing population abundance.
Methods

Data
We analyzed data from the autumn National Marine Fisheries Service's (NMFS) bottom trawl survey (autumn: 1963-2006) . The survey utilized a Yankee 36 bottom trawl equipped with a 1.27-cm mesh liner (Sosebee and Cadrin 2006) . Stations consisted of tows 30 minutes in length at 1.95 m/s (Sosebee and Cadrin 2006) . The analyses herein only cover Georges Bank, representing 40-100 stations per year. The NMFS selects stations based on a depth-stratified random design (Sosebee and Cadrin 2006) . Species included in the analyses were those that were captured 1000 times or greater and were captured in at least 40 years, which left us with a 32 species dataset.
Abundance-Occupancy relationships
Occupancy (O) for each species was estimated as the percent of all stations with at least one individual present. Abundance (A) was estimated as the average annual number of fish captured per station (catch per unit effort, CPUE). A log-linear model was used to describe the A-O relationship (Webb et al. 2007 ):
where s and C are the fitted slope and intercept, respectively. While the model provides information on the ecological structure of species and the community, model parameters do not represent specific mechanisms underlying observed relationships; instead they are used to compare relationships between species and trends in assemblage structure. For fitting A-O relationships, we used an abundance minimum of 0.01 individuals / haul and removed species if they did not meet this criterion.
Fitting and Statistical Analysis
Models were fitted in the statistical software R using standard least squares with the "lm" function both for single species over years (intraspecific) and also over species within a year (interspecific). Parameters of fitted models were compared for the interspecific time series and residual values were examined for evidence of changing quality of fit. Quality of model fit was assessed with r-square (r 2 ) values.
Segmented regression with a breakpoint analysis was performed on the time series of fitted parameter values and r 2 values for interspecific A-O relationships to identify years where important changes in A-O occurred. This analysis was performed using the "strucchange" package in R. This method fits a series of linear regressions between breakpoints and parsimoniously optimizes the increase in quality of the overall fit of the segmented regression while penalizing the number of breakpoints in the series using the pseudo-Bayesian statistic Bayesian Information Criterion (BIC).
Bootstrap of breakpoint analysis
In order to determine the influence of individual species on the breakpoint year for the slope of the fitted A-O relationship we performed two kinds of analysis: a simple jackknife where the breakpoint was determined for a dataset successively excluding one of the 32 species and a more detailed jackknife-after-bootstrap (JAB) analysis. Neither of these analyses involved the testing of a null model, but helped us understand the influence of each species on the overall result. For the JAB analysis, 40,000 A-O datasets of 32 species were constructed by sampling the species vector with replacement; therefore, there was no shuffling of O or A between species or between years. The interspecific A-O model was then fitted to each of the 40,000 datasets and the breakpoint analysis applied to the slopes of the fitted model. From this suite of results, each species was then selected in series to determine the frequency of each breakpoint year when that species was included in one resampled dataset. We also determined the percentage of resampled datasets which included a particular species where at least one significant breakpoint of the trend in slopes was found.
The JAB analysis was performed in addition to simple jackknife analysis because it captures some of the potential synergistic effects between species. That is, it may be meaningless to remove one species without removing one or more others as strong co-dependence may occur between certain species. The JAB analysis also separates species in some resampled datasets but in others it maintains species together. We assume that through the large number of resampled datasets (40,000) the net influence of this effect is nullified which is not the case with the simple jackknife analysis.
Temporal trends in abundance and percent occupancy
Spearman's rank correlation between species abundance and time and the correlation of percent occupancy and time were estimated (Fisher and Frank 2004) . To investigate the impact of species aggregate abundance trends on the intercepts (C), slopes (s) and strengths of the interspecific A-O relationships, the abundances of flatfish, gadoids, pelagics, others, and small elasmobranchs were regressed against the intercepts, slopes, and strengths of A-O relationships (see Table 3 for species grouping). If significant trends were estimated, the Durbin-Watson statistic was used to determine if 1 st order autocorrelation affected model estimates.
Harvest and A-O relationships
The effects of annual harvest on the community (interspecific) A-O structures were explored by regression analysis. Landings data were obtained from NOAA: Office of Science and Technology for the bottom otter trawl fisheries in the New England region for years . The Durbin-Watson statistic was estimated to determine if 1 st order autocorrelation exists in the relationships.
Derivation of delta q catchability (∆q)
Catchability is defined as the proportion of the stock sampled for one unit of effort. The relationship between occupancy, abundance, and commercial catchability has been studied by several authors (Swain and Sinclair 1994, Ellis and Wang 2007) . The two elements to this relationship are the type of spatial distribution of the resource and the fishing effort allocation distribution model. Occupancy is measured in this manuscript by the proportion of positive hauls. For a constant sampling design (constant haul duration and number of hauls) this is equivalent to the proportion of sampled area with density above some fixed value. This measure of occupancy is sensitive to both changes in overall abundance, i.e. densitydependence and changes in spatial spread, i.e. density-independence (Swain and Sinclair 1994) . Several effort allocation models can be formulated. In the simplest (unrealistic) case, effort allocation is distributed randomly, which is actually what the survey does. More realistic models assume that fishing effort is allocated proportionally to local density or concentrated in high density areas. In the last two cases of spatially targeted fishing effort, populations with higher spread for the same total abundance have lower catchabilities (see Fig 4 in Swain and Sinclair 1994) for a given effort level. For a spatial distribution described by a Gaussian distribution and an effort distribution that follows it, catchability is inversely related to the standard deviation of the spatial fish distribution (see Fig 4 in Swain and Sinclair (1994) and also the appendix of Ellis and Wang (2007) ). Thus, high values of the slope (s) in the A-O relationship (eq 1) indicate higher spatial spreading, which is equivalent to a spatial distribution with a large standard deviation, and thus lower catchability compared to smaller slope values. We therefore take the inverse of the slope value as an indication of differences in catchability. Thus, for a given abundance, a species with lower slope values have a tendency to aggregate and have greater catchability. This measure provides an indication of the potential of hyperstability where catch rates will remain high as the population declines and is termed delta q (∆q).
A-O relationships, catchability and population resilience
Delta q (∆q) was estimated for all species in the time series providing an indication of the potential for hyper-stability where catch rates will remain high as the population declines. In an effort to assess the impact of changes in catchability, abundance, and population resilience, a ranking system was developed combining ∆q and a measure of population resilience. Resilience estimates were based on biological parameters (growth rate, age at maturity and lifespan) and provided a measure of productivity in the following categories: high (von Bertalanffy growth coefficient (k) > 0.3 yr -1 , age at maturity (t mat ) < 1 yr, longevity (t max ) = 1-3 yr), medium (k = 0.16-0.30, t mat = 2-4, t max = 4-10), low (k = 0.05-0.15, t mat = 5-10, t max = 11-30), and very low (k < 0.05, t mat = > 10, t max > 30) (Musick 1999) . Values were taken from FishBase.org and provide a general picture of a population's turnover rate. Further, we developed a risk measure designed to identify species with low resilience and potential for hyper-stability. The logic here is that species with lower s (slope) values are at risk of targeted fisheries operating at high catch rates, while the population rapidly declines, and with low resilience would take a long time to recover from depletion.
Results
Intraspecific Abundance-Occupancy relationships
The log A-O model fits for each species had slopes significantly different from 0 at the five percent level. The individual slopes ranged from 0.016 (pollock) to 0.177 (American lobster) and averaged 0.07 (Table 1) . Only one species (Longhorn sculpin) had an r 2 value less than 0.2 while the average r 2 was 0.48. A single model fitted to all species and years shows that the community of species follows a general pattern similar to that observed for individual species (Figure 1 , thick line).
Interspecific A-O relationships
Interspecific analysis showed that over time the slopes (s) of A-O relationships decreased (became less steep) indicating an increasing propensity over time for individuals of all species to be found in fewer localities for the same level of abundance ( Figure 2a , Table 2 ). Simultaneously, the quality of the fit of the A-O relationship decreased (r 2 decreased) ( Figure  2b ). Breakpoint and segmented regression analysis revealed a single break in the slope (s) in 1973 such that from 1963-1973, the slope steeply declined (i.e. all species were occupying fewer locations over time) while after 1973 the slope still declined but at a slower rate ( Figure  2a) . No significant breakpoints were found for r 2 .
The simple jackknife analysis showed very little influence of species on the 1973 breakpoint of the slope of the complete dataset. The exceptions occurred when butterfish were excluded and no significant breakpoints were found and also when silver hake were excluded which led to 1979 in addition to 1973 as a significant breakpoint in slope. The JAB analysis (Figure 3) showed that the inclusion of red hake and northern shortfin squid in datasets tended to move the median breakpoint to 1975, notably because these two species also forced a larger than normal percentage of breakpoints in the 1980s and 90s. Inclusion of northern shortfin squid in resampled datasets tended to reduce the probability of finding breakpoints at all (only 29%), while for red hake the percentage of datasets having a breakpoint was 59%. This compares to a median probability of finding a breakpoint of about 53%. The inclusion of butterfish in a community dataset reduced the probability of finding a secondary breakpoint in years after 1973 but gave a relatively high probability of finding a breakpoint in 1973 or earlier. Overall, there was little influence from individual species on the breakpoint year that would affect the evaluation of a breakpoint occurring with perhaps the exception of northern shortfin squid.
Temporal trends in abundance and percent occupancy
Significant correlations between abundance and time were estimated for 20 of the 32 species with 17 showing positive trends and 3 with negative trends (Figure 4 , Table 3 ). Significant correlations between percent occupancy and time were estimated for 16 of 32 species with 9 positive and 7 negative. Notable correlations (> ± 0.50) in abundance and time included thorny skate (-0.68), fourspot flounder (0.75), sea scallop (0.65), Atlantic herring (0.64) and silver hake (0.54).
In 7 cases significant relationships between abundance and time displayed autocorrelation. Several species had strong correlations between percent occupancy and time including thorny skate (-0.84), Atlantic cod (-0.69), white hake (-0.54), sea scallop (+0.70), and fourspot flounder (+0.60). In four cases significant relationships between occupancy and time displayed autocorrelation. 
Harvest and A-O relationships
A-O relationships, catchability and population resilience
Delta q (∆q) ranged from 5.65 (American lobster) to 62.22 (pollock) with an average of 19.43 (Table 1 ). The species with the highest eight ∆q values were pollock, blackbelly rosefish, Acadian redfish, fawn cusk-eel, Gulf Stream flounder, Atlantic mackerel, witch flounder, and Atlantic herring. Of these, one was categorized as having very low resilience (blackbelly rosefish), two with low (Acadian redfish and witch flounder), three with medium (pollock, Atlantic mackerel, Atlantic herring) and two with high (fawn cusk-eel, Gulf Stream flounder).
Species population resilience measured as productivity defined by biological parameters of growth, maturation and fecundity was plotted against ∆q ( Figure 6 ). Species were grouped by resilience and ∆q to provide a relative measure of risk of hyper-stability leading to continued high catch rates, for targeted fisheries, where the population is declining and has low potential population recovery. Species with high ∆q values and low resilience were considered at greatest risk and species with low ∆q values and high resilience as lower risk. In addition ∆q and resilience values were standardized and summed to create a ranking of species at risk of high ∆q and low resilience values (Figure 7) .
Discussion
The existence of positive intra-and interspecific A-O relationships is confirmed by many empirical and experimental studies and is considered to be a corner-stone of macroecology for both terrestrial and marine systems (Blackburn et al. 2006 , Gaston et al. 2000 . A range of explanatory hypotheses have been put forward for both intra-and interspecific relationships, with the most likely explanations deriving from resource availability, habitat selection and local population dynamics, including dispersal and metapopulation effects (Gaston et al. 2000) . Here we presented the intra-and interspecific abundance-occupancy (A-O) relationships for the Georges Bank finfish and shellfish community from . Breakpoint analyses suggested that the slopes and strengths of the interspecific A-O relationships significantly declined over the duration of the times series and were positively related to groundfish landings. Jackknife-afterbootstrap analysis of the breakpoint analysis revealed that the 1970s, and to some degree the 1990s, were periods of higher than average probability of a state change in the interspecific A-O relationship. Further, a species risk assessment combining life history derived measures of population resilience and the potential of hyper-stability was developed. Blackburn et al. (2006) carried out a meta-analysis to study the strength (effect size) of 279 published interspecific A-O relationships. They found that effect size was strongest for taxa in marine and intertidal realms, intermediate for terrestrial and lowest for freshwater taxa. However, only 11 marine (incl. 9 for fish) and 12 intertidal relationships were included in the meta-analysis, while there were 82 for birds. In the present study, focused on Georges Bank, intraspecific A-O relationships were positive (all slopes significantly larger than zero) for all 32 studied species. The strength of the relationship (r 2 ) varied between 0.09 and 0.84, corresponding to effect sizes of 0.3-1.6, which are well within the range of those found by Blackburn et al. (2006) . These results are somewhat in disagreement with earlier work on Georges Bank for seven species studied here. For these seven species, Murawski and Finn (1988) documented positive non-significant relationships between distribution and abundance, depending on the age category considered. Reanalyzing these cases, Marshall and Frank (1994) found that the relationships depended critically on which indices were used for abundance and occupancy. Murawski and Finn (1988) used a different index of occupancy and most importantly, only 24 years of data were available, while here we benefited from a further 20 years of data collection. More data points (years) means a wider range of abundance and occupancy values and larger power in any statistical test. Thus, differences could be due to statistical power.
Temporal changes in A-O relationships have been rarely studied, and mainly for avian species (Zuckerberg et al. 2009 ), but there is a notable study on demersal fish (Fisher and Frank 2004) . Zuckerberg et al. (2009) found that the A-O relationship derived from the New York Breeding Birds Atlas was stable for two time periods. In contrast, for fish on the Scotian Shelf, the slopes of the A-O relationship decreased steadily over 32 years (Fisher and Frank 2004) , which is what we found for the Georges Bank fish community. Fisher and Frank (2004) explained the observation of decreasing slope values by two mechanisms: (1), predation release of small abundant species due to selective fishing of larger predators that effectively increased the density of small individuals leading to a proportionally greater increase in abundance compared to occupancy; and (2), a shift in target species to rarer species that decreased their abundance and had relatively less impact on their occupancy. As a result, the A-O curve became flatter and the slope values smaller. In order for the impact of selective fishing to be considered as an explanation, species that are changing abundance, in particular the abundant ones, must disperse little after the abundance change, otherwise the original A-O relationship would be maintained. Thus, reduced dispersal capacity is probably an important explanatory factor, as suggested by Blackburn et al. (2006) .
Positive interspecific A-O relationships were found for all years. The slopes s and strengths (r 2 ) of these relationships showed significant decreases over the study period. Both were positively correlated with total landings for the bottom trawl fishery on Georges Bank. A notable finding is that during the period of 1963-1972 breakpoint analysis indicated that this period was significantly different from the rest of the time series with a propensity for individuals of all species to be found in more locations for the same level of abundance. One possible explanation is that after this period, optimal habitat was located in a more restricted area leading to increased aggregation. This could result from a decline in suitable habitat or fragmentation of habitat leading to decreased dispersal, as found for birds (Freckelton et al. 2006) . The decreasing quality of the A-O fit over time is consistent with the hypothesis of habitat fragmentation. Other possible explanations include species abundance and distributional changes (Fisher and Frank 2004) . In either case fishing might have played an important role.
During the 1960s and early 1970s commercial landings were at historic highs with the U.S. and distant-water fleets harvesting large quantities of pelagics, flounders, principal groundfish and small elasmobranchs (Fogarty and Murawski 1998; Sosebee and Cadrin 2006) . During this period, groundfish and flounders were decreasing while small elasmobranchs and pelagics were at their lowest biomass levels for the time series (Fogarty and Murawski 1998, Sosebee and Cadrin 2006) . The macroecological structure responded with rapid declines in the slopes (s) and strengths (r 2 ) of the interspecific A-O relationship. The breakpoint analysis showed that 1973 was the year when trends in the slopes of A-O relationships changed from a sharp decline to a relatively shallow decline over time, i.e. that occupancy was decreasing for any given level of abundance. The species jackknife analysis of the breakpoint showed individual species did not have a notable impact on the breakpoint period suggesting that the changes were broadly based in the Georges Bank fish community. These changes in the community A-O relationship in 1973 likely result from a combined effect of changes in fisheries landings, fisheries management, habitat availability, and environmental conditions affecting community productivity.
Following this period Georges Bank entered a new exploitation regime beginning in 1976 that was characterized by reduced fishing effort and harvest compared to the 1960s and early 1970s (Fogarty and Murawski 1998, Sosebee and Cadrin 2006) . Changes in the macroecological patterns following 1976 were less drastic but declines in the values for the slope (s) and strength of the A-O relationships continued at lower rates (Figure 2) . Clearly, the changes in harvest and associated community changes have the potential to impact the interspecific A-O relationship. Investigating this potential, landings data were found to be significantly associated with the slopes (s) and strengths (r 2 ) of the interspecific A-O relationships suggesting a causal link, either direct or via a common third variable.
Given the link with exploitation, the slopes of the intra-and interspecific A-O relationships could be used in several ways for management. As demonstrated here, the inverse of the slope for intraspecific relationships might be used as a measure of catchability, which in combination with a measure of resilience allowed us to rank species in terms of the relative risk of overexploitation. Thus, the aggregation pattern as expressed in the slope of the intraspecific A-O relationship could be added to the list of life history traits commonly used to characterize the sensitivity of species to fishing, e.g. Jennings et al. 1999 . On the assemblage level, the time trend in the slope of the A-O relationship could be used as an indicator for changes in assemblage structure, with decreasing time trends implying an increasingly perturbed system. Thus the slope of the interspecific A-O relationship might join the list of indicators suitable for determining the impact of fishing on exploited communities (Rochet and Trenkel 2003) .
We used interspecific A-O relationships to measure community structural change over time assuming a log-linear model captures the positive nature of relationships. We chose the current model structure because the functional form matched theoretical considerations and provided the same information that three parameter A-O models provided with less correlation between parameters. We feel the model we presented captures the A-O relationship well without restrictive assumptions allowing for the detection of temporal trends and development of hypotheses linking physical and environmental drivers to patterns in the macroecological structure of ecosystems.
The analyses presented herein utilized a long time series of data that the NMFS collects to support stock assessments and related research. We utilized the time series to analyze both individual and multi-species spatial patterns. Our approach provided the opportunity to assess the potential impact on the community assemblage structure resulting from habitat alteration in a system where it is difficult to directly quantify habitat change. This provides a powerful approach for addressing macroecological questions in marine ecosystems; but it is not without uncertainties. An assumption of interspecific analysis is that shifts in the most abundant species will not significantly impact resulting relationships. We did not find evidence that this was occurring in our system but it remains a possible source of uncertainty. Further, the research only considers Georges Bank and species migration to and from the study area (Frisk et al. 2008) and climate induced distributional changes in species ranges (Nye et al. 2009) were not directly considered.
The approach also allowed the ranking of species vulnerability to exploitation in terms of the risk of hyper-stability (∆q) and a life history derived resiliency measure providing needed information to managers for both exploited and understudied non-commercial species. The combination of high ∆q and low resilience was observed for a number of species including: blackbelly rosefish, pollock, witch flounder, and spiny dogfish. Blackbelly rosefish and spiny dogfish are both species that would be expected to be on the top of any list of species sensitive to exploitation. On the other hand, the life histories of pollock, Atlantic herring, and Atlantic mackerel suggest they should fare well under exploitation with resilience scores of 2 or less. However, these three species all have increased risk of hyper-stability and a precautionary approach should be taken when setting exploitation limits, especially if populations have declined. Therefore, in addition to traditional vulnerability rankings derived from life history alone, indicators that include the interaction of the spatial patterns of species and behaviour of fishing fleets should be utilized. Figures   FIG. 1 . Intraspecific percentage occupancy regressed against abundance for 32 species on Georges Bank for the autumn survey including finfish, elasmobranchs, lobster, squid, and scallops. Log transformation was performed on percentage occupancy and abundance to enable the display of species that have quite different abundance values on the same plot; however, the fitted models (lines) were occupancy vs. log(abundance) for each species, and the heavy solid line is the global fit to all species and years. Data points are represented by two-digit year designations for the span 1963 . The relationship between the correlation of percentage occupancy and time and the correlation between abundance and time. Common names are provided adjacent to data points.
